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@ Heat-sensitive recording material and method of making it 

A heat-sensitive recording material employs a copolymer emulsion obtained t>y copolymerizing a 
mononw component which comprises (meth)acryl amide and an optional unsaturated monomer 
component copolyn^rizable wtti (meth)acrylamide in the presence of a seed emulsion serving as a 
nucleating particle. In the heat<sen$iiive recording material, any of an intermediate layer, the heat- 
sensitive recording layer or a protective layer comprises the copolymer emulsion. The rscording layer 
and the resulting recorded images of such a heat-sensitive recording material have enhanced durabBity 
(such as water resistance, heat resistance, resistance to plastk^zers and resistance to advents) and 
enhanced resistance to heat softenlr^ of the protective layer The heat-sensitive recording material can 
be produced with easy process control and is excellent in color developing sensitivity. 
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HEAT^ENSmVE RECORDING MATERIAL AND METHOD OF MAIQNG IT 



The present Invention relates to a heat-sensitive recording material and more specifically to a heat-sensitive 
recording material whose recording layer and hence the resulting recorded images are substantially improved 
In durability through the use of an emulsion of a specific copolymer in an intermediate layer, the recording layer 
5 or a protective layer thereof. The invention also relates to a method of making the recording material. 

Presentiy, there have been widely and quickly applied a heat-sensitlve recording material, in particular 
heat-sensitive recording paper, which comprises a substrate provided thereon with a heat*sensitive recording 
layer comprising a usually colorless or lightly colored chromophoric substance which is an electron donative 
substance, a phenolic compound or an electron acceptor which allows for the chromof^oric substance to cause 
10 color development by heat and a binder as output recording paper for a variety of printers inclusive of fecslmlle: 
a printer for Industrial Instrumentation and for medical use ; a PCS system and a note issuing system. 

However, various problems arise as the application thereof increases. For instance, the durability (such 
as water resistance, resistance to ptasticizers and resistance to solvents) of recording layers and hence that 
of recorded mnages obtained after color development under the ordinary handling environment as will be 

15 detailed below are still insufficient. More specifically, there have been obsen^ed a variety of drawbacks such 
as peeling off of the recording layer when the heat-sensitive recording material Is brought into contact with 
water, color development upon putting it on diazo light-sensitive paper immediately after copying, ^ding or dis- 
coloration due to ptasticizers Included in polyvinyl chloride upon putting it on a polyvinyl chloride mat or film 
and color devetopment by the action of oSs or solvents. These problems cannot be comj^etely solved by the 

20 conventional techniques. 

In general, there have been used, for instance, a known water-soluble polymer such as polyvinyl alcohol, 
methyl celluiose, hydroxyethyi cellu tose, casein and polyvinyl pyrrolidone as binders for a heat-sensitlve recorti- 
Ing layer and an intermediate layer to be arranged between a subsb'ate and the heat-sensitlve recording layer. 
These binders of course have low water resistance and, for this reason, recorded color developable images 

2S are peeled off when they are brought into contact with water. Therefore, the most important object is to impart 
water resistance to heat-sensitive recording materials since contact with water is the most frequent happening 
in usual drcumstances and thus many attempts have been directed to this object For instance, Japanese 
Patent Unexamined Publlcatk>n (hereinafter refen^d to as *'J.P. KOKAI") No. Sho 55-95593 discloses a method 
for enhanc&ig the water resistance of a heat-sensitlve reconjing material In which a combination of a polyvinyl 

30 alcohol and a butadlene-acrylate-styrene copolymer Is used as a binder to cause self-crosslinking between 
them ; J.P, KOKAI No. Sho 57-19036 discloses a method in which an Isocyanate compound is added to a com- 
bination of a polyvinyl alcohol, an oxidized starch and an etherified starch serving as a binder ; and J.P. KOKAI 
No. Sho 62-42884 discloses a method in which a combination of a polyvinyl alcohol, a latex and a crx)sslinking 
agent is employed as a binder. 

36 However, In these nnethods wherein self-crossfinklng Is utilized or a crosstlnking agent is added, properties 

of a coating color for forming a heat-sensitive recording material vary with time, and heat needed for the 
crosslinking agent to form sufficient crosslinks cannot be applied to heat-sensitive recording paper during the 
production thereof. For this reason, a catalyst capable of causing crosslinking at ordinary temperature must be 
added and then the recording paper must be aged over a long time period. Moreover, these binders mainly 

40 comprise vvater-soluble polymer and, therefore, if such a resin is used at a high concentration, the resulting 
coating color coirespondingly has a high viscosity. This accompanies a variety of problems concerning process 
control. For Instance, the workabflity of coating operations becomes low and further, an aqueous disperston of 
a resin having substantially low heat resistance is inevitably used for Improving the water resistance of the 
resulting heat-sensitive material and thus the heat resistance thereof is liable to be Impaired. Thus, the effi- 

45 clency of the process Is greatiy impaired. 

As has been explained above, the methods for improving binders per se suffer from a variety of problems 
tirom the viewpoint of operations and the bnprovement in the water resistance and the resistance to plastidzers 
of the resulting recording material are also insufficient For this reason, In fields in which recording materials 
having more higher durability are required, there have been adopted methods in which a protective layer is 

so applied onto a heat-sensitive layer and an Improved binder Is used. For Instance, J.P. KOKAI No. Sho 61- 
284483 discloses a method in which an aqueous ultraviolet ray- or electron beam-curable resin system Is Incor- 
porated into a binder and/or a protective layer ; J.P. KOKAI No. Sho 60-59193 discloses a method In which a 
protective layer is fonmed from a composition containing a water-soluble resin and a crosslinking agent 
The method in which a UV ray- or electron beam-curable resin is used has advantages such as quick curing 

55 without heating, but they have only limited applications and these heat-sensitive materials are inferior to those 
obtained according to conventional ones from the viewpoint of cost, since the production line nruist be renewed 
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or newly established and materials are expensive. In the method in which a protective layer comprising a wa- 
ter-soluble polymer and a crosslinking agent Is used, the viscosity of a coating color of a resin t^eoomes very 
high when the resIn Is used In a high concentration and correspondingly the workabDity is also lowered. 

Moreover, since a crosslinking agent Is an essential component of the coating color, problems concerning 
5 process control arise. For instance, properties of the coating color vary with time, a heat sufficient fCH' ensuring 
a crosslinking reaction of the crosslinking agent cannot be applied to the coating color during the production 
of heat-sensitive layer and hence the coated layer must be sulficientiy aged over a long time period. 

In other words, the foregoing methods make it possible to solve the aforementtoned pnrtilems to some 
extent but these methods are unsatisfactory in view of quality of the resulting heat-sensitive material Indush^e 
10 of resistance to heat softening (resistance to sticking) of a protective layer optionally applied and firom the view- 
point of process control. 

Accordingly, the object of the present invention is to provide a heat-sensitive recording material which does 
not sufferfirom the foregoing problems, or whose recording layer and hence the resulting recorded images have 
a sufficient durabflity (water resistance, heat resistance, resistance to plasticizers, restetance to s<dvent8 or the 

15 like), whose protective layer optionally applied has high resistance to heat softening, which can be produced 
under easy process control and which has high color developing sensitivity. 

The Inventors of this invention have conducted various studies to solve the foregoing problems in the light 
of the consideration that fundamentally aqueous dispersion of a resin would be excellent In water resistance 
and workability, have found out that it is effective to use. in the production of a heat-sensitive reconiing material, 

20 an emulsion of a copolymer obtained by copolymerizing unsaturated monomers mainly comprising 
(meth)acrylamide in the presence of a seed emulsion servlrtg as seeds, and have completed the present Inven- 
tion on the k^is of this finding. 

The present Invention thus relates to a heat-sensitive recording material wherein an emulskin (e) of a 
copolymer obtained by copolymerizing an unsaturated monomer component (b) comprising (meth)acrylamide 

25 (c) and an optional unsaturated monomer (d) copoiymerizable with the (meth)acryiamlde (c) in the presence 
of a seed emulsion (a). 

Any of the recording, intermediate or protective layers of the recording material can comprise tiie copolymer 
emuiston (e). 

The invention comprehends a method of making the heat-sensitive recording material. 
30 The Invention will now be explained further in the non-limitative descriptton which follows. 

The aforementioned seed emulsion (a) is not restricted to a specific one and may be any known ones or 
those prepared according to known methods. Specific examples thereof Include generally known polymer enmjl- 
sions such as emulsbns of (meth)acrylate polymers. styrene/(meth)acrylate pdymers, (meth)acrylonitrile 
polymers, styrene/butadiene polymers, (meth)acryionitrae/butadtene polymers, (meth)acryiate/butadiene 
35 polymers, polyvinyl chlorides and polyvinyl acetates which may be used atone or in combination of two or more 
of them. 

The glass transition point of the resins in the seed emulsions (a) varies depending on the amount thereof 
relative to that of the foregoing monomer component (b), but preferably ranges from 0 to iOO^C and more pref- 
erably 20 to 70**C. This is because, if the glass transitk)n point is less than O^'C. the resulting heat-sensitive 
40 recording material is insufficient in heat resistance or resistance to sticking, while if it exceeds lOO'^C, the enmit- 
sion Is often insuflncient in filnrv-forming ability. However, the present invention not restricted by the glass tran- 
sition point of the resin used at all. 

(Meth)acrylamide (c) used in the present invention exhibits excellent heat resistance or resistance to stick- 
ing, resistance to plasticizers and resistance to solvents. The amount of (meth)acrytamide (c) used ranges from 
45 50 to 100 parts by weight and preferably 70 to 100 parts by weight in 100 parts by weight of the rTK}nomer com- 
ponent (b). If it is less than 50 parts by weight tiie resulting heat*sensitive layer does not show sufficient heat 
resistance, resistance to solvents and resistance to plasticizers. 

Specific examples of the optional monomer components (d) copoiymerizable with (meth)acryiamlde (c) 
include (meth)acrylates such as metiiyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, 2-ethylhexyi 
50 (meth)acrylate, 2-hydroxyetiiyl (meth)acrytate, 2-hydroxypropyl (meth)acrylate, 2-aminoethyl (meth)acrylate, 
2-(N-metiiylefTtino)ethyl (meth)acrylate, 2-(N,N-dlmethylamino)etiiyi (meth)acryiate and gtycldyl (meth)acry- 
late ; vinyl esters such as vlriyi acetate and vinyl propionate ; nitrile group-containing nfK>nomers such as 
(meth)acrylonitriie ; unsaturated carboxyllc acids such as (meth)acrylic add, maleic anhydride, fumaric acid, 
itaconic acid and crotonic add ; aromatic vinyl monomers such as styrene, a -methylstyrene and divinylben- 
55 zene ; and N-substituted unsaturated carbo^^ic add amides such as N-methylol (meth)acrylamid6. Among 
these, those carrying a functional group such as a carboxyl group, a hydroxy! group, an amino group, a methylol 
group or a glycidyl group are preferably employed in the present invention. 

If these unsaturated monomers (d) are used, the water resistance of the resulting copdymer emulsion (e) 
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is greatly improved. The amount of these monomers copolymerizable with (meth)acrylamlde is less than 50 
parts by weight and preferably less than 30 parts by weight In 1 00 parts by weight of the monomer component 
(b). If the amount of the unsaturated monomer (d) exceeds 50 parts by weight, the heat resistance of the result- 
ing emulsion layer is lowered and the polymerization of these monomer components (b) does not always pro- 
5 ceed sufficienlfy. 

The total amount of (meth)acrylamide (c) and the optional unsaturated monomer component (d) ranges 
from 5 to 500 parts by weight and preferably 10 to 200 parts by weight per 100 parts by weight of the solid 
contents of the seed emulsion (a). 

If the amount of the monomer component (b) is less than 5 parts by we^ht. sufficient heat resistance (or 
10 resistance to sticking) and resistance to solvents cannot be attained, whQe if it exceeds 500 parts by weight, 
the water resistance of the resulting heat-sensitive material is impaired and further the viscosity of the resulting 
copolymer emulsion (e) becomes substantially high and hence the workabBity thereof is lowered. 

The copolymer emulsion (e) used in the present invention can be prepared according to any conventional 
emulsion polymerization method. More specifically, a variety of polymer seed emulsions (a) are prepared or 
IS provided in advance followed by the preparation of the copolymer emulsion (e) or alternatively a seed emulsion 
(a) is prepared and subsequently the copolymerizatlon of the monomer component (b) is performed to obtain 
the copolymer emulsion (e). In other words, the method for preparing the emulston (e) is not limited to a specifk: 
one. 

When a seed enruilsion (a) or a coplymer ermilsion (e) is prepared by the emulsion-polymerization, a sur- 

20 factant may be optionally used for imparting stability to the emulsion. Specific examples of such surfactants 
are anionic surfactants such as sulfuric add esters of higher alcohols, all^benzenesulfonic add salts, aliphatic 
sulfonic acid salts and alkyldiphenyi ether sulfonic add salts ; nonionic surfoctants such as alkyi esters of 
polyethylene glycols, alkyi phenyl ethers and alkyi ethers, which may be used alone or In combination of two 
or mora of these. The amount of these surfiactants Is not restricted to a specific range, but they are preferably 

25 used In the lowest required amount. 

A polymerization initiator is in general used in polymerization of the seed emulsion (a) and examples thereof 
are water-soluble Initiators sudi as persulfates and hydrc^en peroxide ; oil-sduble initiators such as t>enzoyl 
peroxide and azobislsobutyronitrfle ; or redox Initiators. The amount of the polymerization Initiators is not res- 
tricted to a particular range and selected according to the conventional techniques. However, the amount 

$0 thereof used when the monomer component (b) induding (meth)acry1amlde (c) is copolymerlzad, ranges from 
0.1 to 20 parts by weight and preferably 0.1 to 10 parts by weight per 100 parts by weight of the monomer. 

In the pdymerization or copolymerizatton, a molecular weight mod'tfier (a chain transfer agent) is optionally 
used and Is selected from the group consisting of mercaptans such as t-dodec^mercaptan and n-ctodecylmer- 
captan and low molecular weight halogen atom-containing compounds. 

35 Heat-sensitive recording materials having excellent water resistance and heat resistance as well as excel- 

lent color developing sensitivity can be obtained by Incorporating the copolymer emulsion (e) thus prepared 
into an intermediate layer arranged between the substrate and the heat-^ensitive recording layer of the heat- 
sensitive recording material and/or through the use thereof as a binder for a heat-sensitive recording layer 
applied onto the intermediate layer. 

40 When the copolymer emulsion is used as a binder, it may be used singly or optionally In combination with 

other known binders as has been described above or further it may be used in combination with a water-soluble 
or watar-dispersible epoxy compound and/or a known agent for Improving water resistance (a crosslinking 
agent) e.g. an amino-formaldefiyde compound for the purpose of further improvement of the water resistance 
and heat resistance. 

45 Examples of agents to be bound with these binders present in the intemiediate layer are inorganic fillers 

such as caldum cart>onato, day, kaolin, talc and silica ; and organic fine partides such as urea-fonmalin resin 
and polysfylene resin partteles. In additton. examples of substances whtoh are to t>e bound with the binder and 
present in the heat-sensitive recording layer are basic organic dyes such as fluorans, triallylmethanes and 
phenoxyazines and examples of developers are phenolic compounds or aromatic carboxyllc acids. 

50 The amount of the developers used In general ranges from 1 to 30 parts by weight per one part by we^ht 

of the dyes. The dyes and developers can be separately dispersed in said copdymer emutskin (e) by wet-pul- 
verlzing them In the presence of the emulsion using, for Instance, a ball mill. It is also possible to optionally 
use an inorganic pigment such as calcium carl>onate, talc or kaolin ; a UV absorber such as benzophenones 
or triazoles ; a sensitizer such as waxes or a fatty acid amide in addition to the foregoing components. 

59 The ratio of the binder and the substances to be bound Is not critical and In general selected so that the 
substances to tie bound are effectively fixed and bound onto the surface of a substrate and/or an Intennediate 
toyer, but the armunt of the binder in general ranges from 5 to 30 parts by weight. preferat>ly 10 to 20 parts by 
weight per 100 parts by weight of the substance to be bound. 
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The material thus formulated is in general applied In an amount ranging from 5 to 15 gfm^ for the inter- 
mediate layer and 2 to 20 g/m^ for the heat-sensitive layer (expressed in the anfK>unt thereof weighed after dry* 
ing) according to any known manner using, for instance, a roll coater or a blade coatar to thus give the 
heat'^ensitive reoording material of the present invention. Examples of substrates are paper and plastic sheets. 

5 On the other hand, if the copolymer emulsion (e) is used fbrfonming a protective layer of the heat-sensitive 

recording material, the resistance to sticking of the material is maintained or Improved and the water resistance 
and the resistance to plastlcizers of the heat-sensitive recording layer and hence the resulting recorded images 
are substantlaSy Improved. The protective layer may further comfM'ise. as optional components, known mul* 
tifunctional agents for Imparting water resistance (crosslinking agents) such as water-soluble or water-dispers- 

10 fble epoxy compounds ; lubricants such as higher fatty acid amides and metal salts of higher fatty adds for 
further Improvement of the resistance to sticking of the layer ; pH adjusting agents ; thickener ; antifoaming 
agents ; surfactants ; preservatives, inorganic fillers ; organic fine particles ; and other auxiliary agents and 
addith/es. 

In particular, the agents for imparting water resistance (crosslinking agents) have an abBlty of Improving 

IS the durability and the heat resistance of the protective layer and are preferably employed, but the composition 
for fbnning a protective layer including a crosslinking agents has so-called pot life and. therefore, it must be 
used depending on time and circumstances. 

Moreover, a film-forming aid (f) may be used In the present invention. The incorporation thereof into the 
copolynr^er emulsion (e) makes it possible to temporarily plasticize the emulsion particles in order to ensure the 

20 coalescence of the particles and to hence substantially eliminate so-called defects of the coated film due to 
incomplete coalescence of these particles. Thus, the protective layer-forming ability of the copol^er emulsion 
(e) can be greatiy improved. If a continuous coating film is simply formed from a resin emulsion. It would be 
possible to use glycol ethers such as monoalkyi ethers of ethylene glycol or monoalkyi ethers of diethyiene 
glycol, but these materials exert influence on the heat^sensitive recording layer and cause fogging of an under- 

25 lying layer or color development of the heat-sensitive recording layer in the worst case. Moreover, plasticizers 
such as phthalic acid esters and adiplc acki esters are not preferred because of their effect of discoloration 
and fading on the recorded color developable portions. The film-fonnriing aids used In the present invention for 
the foregoing purposes must t>e selected from those which do not adversely affect the heat-eenaltive recording 
layer and they are preferat^y selected from the group consisting of 2,2,4-trimethyl-1,3-pentanedi6l, 2,2,4-trl- 

30 methyl-1,3-pentanedlol monolsobutyrate, 2,2.4-trfmetiiyl-1,3>pentanedlol dilsobutyrate and benzyl alcohol 
among others. 

The foregoing film-forming aids (f) used In tiie present invention are used in an amount rangbig from 3 to 
30 parts by weight and more preferably 5 to 1 5 parts by weight on the basis of the solid contents of the copolymer 
emulston (e). This is because If the amount of the film-forming aid is less than 3 parts by weight, the desb'ed 

35 effect of tiie film-forming aid cannot be expected, while if it exceeds 30 parts by weight, the polymer particles 
are excessh^ely plastidzed and the heat resistance of the copolymer emulsion (e) is impaired. Methods for incor- 
porating the film-forming aid (f) into the copolymer emulsbn (e) are not restricted to particular ones and the 
Incorporation may be performed by adding the aid to the emulsion after preparing the emulsion or by adding 
the aid to the monomer component (b) during the copolymerizatlon thereof. 

40 The protective layer for the heat-sensitive recording material is applied onto the surface of known heat- 

sensitive recording materials as has been described above, i.e., onto the heat-sensitive color developing layer, 
between the substrate and the heat-sensitive color developing layer, onto the back surface of the substrate or 
tfie like so as to fonm a layer having a thickness ranging from 1 to several microns determined after drying, 
whereby the resistance to sticking of the material is maintained or improved and simultaneously the durability 

45 such as water resistance and resistance to plasticizers of the heat-sensitive recording layer and hence the 
resulting recorded Images can be substantially Improved. 

The present Invention will hereunder be explained in more detail with reference to the following non-limi- 
tative working Examples and preparation Examples and the effects practically attained by the present invention 
will also be discussed in detail in comparison with the following Comparative Examples. In tiie following Exam- 

50 pies. Preparation Examples and Ck)mparative Examples, the terms "part* and *%" mean "part by welghr and 
*% by weight" respectively unless otherwise specified. 

Preparation of Copolymer Emulsions A to J 

55 Preparation Example A 

To a separable flask equipped with a stinrer and a reflux condenser, there were added 60 parts of water, 
0.1 part of sodium dodecylbenzenesulfonate and 1.0 part of potassium persulfate, the air In the flask was rep- 
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laced with nitrogen gas and then the temperature of the contents of the flask was raised to 70^C. Then an emul- 
sion of monomeiB having the following composition was continuously poured into the flask over about 4 hours, 
then the mononriers were polymerized for about 5 hours to give a seed emulsion (S*1) having a solid content 
of about 50%. 

Composition of the Monomers Emulsion 



styrene 50 parts 

2-ethylhexyt acrylate 42 parts 

10 2-hydroxyethyi methacrylate 5 parts 

methacryllc add 2 parts 

N-methylol methacrylamlde 1 part 

n^odecylmercaptan 0.1 part 

water 40 parts 



IS sodium dodecyibenzenesutfonate 0.3 part 

Then to a similar separable flask, there were added 400 parts of the seed emulsion (S-l) and 10 parts of 
ammonium persulfate, the air In the fiask was replaced with nitrogen gas and then the temperature of the con- 
tents of the flask was raised to TO'^C. Thereafter, an aqueous solution obtained by dissolving 50 parts of 
acrylamide and 50 parts of methacrylamlde in 500 parts of water was continuously poured into the flask over 

zo about 2 hours, followed by the polymerization for about 2 hours to give a copolymer emulsion A having a solkJ 
content of about 30%. 

Preparation Example B 

25 To a separable fiask equipped with a stirrer and a reflux condenser, there were added 60 parts of water, 
0.1 part ofsodiumdode<^benzenesulfonate and 1.0 part of potassium persulfate, the air in the flask was rep- 
laced with nitrogen gas and then the temperature of the contents of the flask was raised to 70**C. Then an emul- 
sion of monomers having the following composition was continuously poured into the fiask over about 4 hours, 
then the monomm were polymerized for about 4 houre to give a seed emulsion (S-2) having a solid content 

30 of about 50%. 

Composition of the Monomere Emulsion 



methyl methacrylate 47.5 parts 

35 bu^ acrylate 47.i5 parts 

2-hydroxyethyl methacrylate 3 parts 

acrylic acid 2 parts 

n-dodecylmercaptan 0.2 part 

water 40 parts 



40 sodium dodecylt>enzenesuifonate 0.3 part 

Then to a similar separable flask, there were added 1 00 parts of the seed emulsion (S-2). 200 parts of water 
and 100 parts of acrylamide, the air in the flask was replaced with nitrogen gas and then the temperature of 
the contents of the fiask was raised to SO'^C and after the acrylamide was completely dissolved. It was raised 
to 70*^0. Thereafter, an aqueous solution obtained by dissolving 5 parts of ammonium persulfate In 100 parts 

45 of water was continuously poured into the flask over atK)ut 3 hours, followed by the polymerizatfon for about 3 
houre to give a copolymer emulsion B having a solid content of about 30%. 

Preparation Example C 

so To a separable flask equipped with a stirrer and a reflux condenser, there were added 60 parts of water, 
0.1 part of sodium dodecylbenzenesulfonate and 1 .0 part of potassium persulfate, the air in the flask was rep- 
laced with nitrogen gas and then the temperature of the contents of the flask was raised to 70^C. Then an emul- 
aton of monomers having the following composition was continuously poured into the flask over al>out 4 houre, 
then the monomere were polymerized for about 4 houre to give a seed emulsion (S-3) having a solM content 

55 of about 50%. 

Composition of the Monomere Emulsion 
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acrylonitrflo 46 parts 

butyl acrylate 46 parts 

2-hydroxyethyl methacrylate 5 parts 

methacrylic acid 3 parts 

6 n-dodecytmercaptan 0.1 part 

water 40 parts 



sodium dodecytt^nzenesulfonate 0.3 part 

Then to a similar separable flask, there were added 200 parts of the seed emulsion (S-3), 110 parts of water, 
90 parts of methacrytamlde and an aqueous solution previously prepared by dissolving 10 parts of methacrylic 
10 acid in 150 parts of 2% aqueous ammonia, the air in the fiask was replaced with nitrogen gas and then the 
temperature of the contents of the flask was raised to SO^'C and after the methacrytamlde was completely dis- 
solved, it was raised to 70^C. Thereafter, an aqueous solution obtained by dissolving 5 parts of anmionium 
persuifate In 100 parts of water was added to the flask, foitowed by the pdymerization for about 3 hours to give 
a copolymer emulsion C having a solid content of about 30%. 

IS 

Preparation Example D 

As in the same manner used In Preparation Example A, 4.000 parts of the seed emulsion (S-1) were 
obtained by polymerization and subsequently 90 parts of water and 100 parts of acrylamide were added to the 
20 polymerization product The flask was freshly replaced with nitrogen gas and then the temperature was raised 
up to 70^C. After the acrylamide was completely dissolved, an aqueous solution separately prepared by dis- 
solving one part of ammonium persuifate in 10 parts of water was added to the flask, followed by the polynv 
erization for about 3 hours to gh^e a copolymer emulsion D having a solkl content of aK)out 50%. 

25 Preparation Example E 

The same seed emulsion (S»2) was prepared according to the same procedures used In Preparatton 
Example B. Then to the same separable flask, there were added 2,000 parts of the seed emulsion (S-2), 375 
parts of water, 70 parts of methacrylamide and an aqueous solution separately prepared by dissolving 30 parts 
30 of acrylic acid in 90 parts of 8% aqueous ammonia, the air in the flaisk was replaced with nitrogen gas. and 
then the temperature of the flask was raised up to 50**C. After the methacrylamide was completely dissolved, 
the temperature was raised to 70''C, then an aqueous solution separately prepared by dissolving 10 parts of 
amnrwnium persuifate in 200 parts of water was added to the flask, followed by tfie polymerization for about 3 
hours to gh/e a copolymer emulsion E having a solid content of at>out 40%. 

Preparation Example F 

The same seed emulston (S-3) was prepared according to the same procedures used in Preparation 
Example C. Then to the same separable flask, there were added 40 parts of the seed emulsion (S-3). 240 parts 
40 of water and 100 parts of methacrylamide. the air In the flask was replaced with nitrogen gas. and then the 
temperature of the flask was raised up to SO^'C. After the methacrylamide was completely dissolved, the ten> 
perature was raised to 70*C, then an aqueous solution separately prepared by dissolving 5 parts of ammonium 
persuifate in 100 parts of water was added to the flask, followed by the polymerization for about 4 hours to give 
a copolymer emulsion F having a solid content of about 25%. 

45 

Preparation Example G 

The same seed emulsion (S-1) was prepared according to the same procedures used in Preparation 
Example A. Then to the same separable flask, there were added 6.000 parts of the seed emulsion (S-1) and 
50 100 parts of acrylamide, the air in the flask was replaced with nitrogen gas. and then the temperature of the 
flask was raised up to 70<'C. After the acrylamide was completely dissolved, an aqueous sdutbn separately 
prepared by dissolving 5 parts of ammonium persuifate in 100 parts of water was added to the flask, fbltowed 
by the polymerization for at>out 3 hours to give a copolymer emulsion 6 having a solkl content of about 50%. 

55 Preparation Example H 

The same seed emulsion (S-2) was prepared according to the same procedures used In Preparation 
Example E. Then to the same separable flask, there were added 2.000 parts of the seed emulsion (S-2), 315 
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parts of water, 50 parts of methacrylamlde and an aqueous solution separately prepared by dissolving 50 parts 
of acrylic add in 150 parts of 8% aqueous ammonia, the air in the flask was replaced with nitrogen gas, and 
then the temperature of the flask was raised up to SO^'C. After the methacrylamlde was completely dissolved, 
the temperature was raised to 70®C. then an aqueous solution separately prepared by dissolving 10 parts of 
5 ammonium persulfate in 200 parts of water was added to the flask, followed by the polymerization for about 3 
hours to give a copolymer emulsion H having a solid content of about 40%. 

Preparation Example J 



10 The same seed emulsion (S-3) was prepared according to the same procedures used in Preparation 

Example F. Then to the same separable flask, there were added 20 parts of the seed emulsion (S-3), 235 parts 
of water and 100 parts of methacrylamlde, the air in the flask was replaced with nitrogen gas, and then the 
temperature of the flask was raised up to SO^'C. After the methaorylamide was completely dissolved, the tem- 
perature was raised to 70'C, then an aqueous solution separately prepared by dissolving 5 parts of ammonium 

15 persulfate in 100 parts of water was added to the flask, followed by the polymerization for 3 hours to give a 
copolymer emulsion J havhig a solid content of about 25%. 

Comparative Preparation Example K 

20 The seed emulsbn (S-l) having a solid content of about 50% prepared in Preparation Example A as such 
was used as comparative copolymer emulsion K. 



Comparative Preparation Example L 

25 The same procedures used in Preparation Example A were repeated except that 50 parte of acrylic acid 
and SO parts of methaciylic acid were sut>stituted for 50 parte of ac^ylamlde and 50 parte of methacrylamlde 
used in Preparation Example A» respectively to give a copolymer emulston which was used as comparative 
copolymer emulsion L 

The composition of the copolymer emulsions A to L thus prepared and the resulto of these polymerization 
30 procedures are summarized in the following Table 1. 

Examples will now be described in detail below, in which tiie foregoing copolymer emulsions were used In 
an Intermediate layer and a heat-sensitive recording layer to give the corresponding heat-sensitive recording 
materials. In all tiie following Examples, the compositk>n Is expressed in "part by weight' unless otherwise speci- 
fied. 

35 

Example 1 

i) Preparation of Composition for intermediate Layer : 



40 



50 



copolymer emulsion A (Preparation Example A) 100 
calciixm carbonate light 125 
water 100 

u) Compouded Solution for Heat-Sensitive Recording Layer 

Solution A: 

3-dimethylamino-6-methyl-7-anilinofluoran 20 
copolymer emulsion A (Preparation Example A) 5 



water 



75 
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Solu-tion B: 

bisphenol A 20 
5 copolymer emulsion A (Preparation Example A) 5 

Petrolight R-50 (microcrystalline wax; available 5 
from Harico Co., Ltd.) 

iO 

water 70 

The foregoing compounded solution was dispersed by a sand mill for 6 to 8 hours to give a coating color. 
15 The foregoing compounded coating color for intemrwdlate layers was applied onto commercially avaBable 
wood free paper (basis weight of about 50 g/m^) with a bar coater so that the coated amount thereof weighed 
after drying was equal to 1 5 g/m^ and then dried. Then the compounded coating color for heat-sensitive record- 
ing layer was likewise applied onto the intermediate layer in an anfK)unt of 15 g/rn^ (weighed after drying) and 
dried to give a heat-sensitive recording material. 

20 

Examples 2 to S 

The same procedures used In Example 1 were repeated except that copolymer emulsion B to F was 8ut>- 
stituted for copolymer emulsion A to give the corresponding heat-sensitive recording material, provkJed that 
25 the solid contents of the emulsions serving as the binder were adjusted by the addition of water so that they 
were equal to one another. 

Example 7 

30 To each formulated coating color obtained in Example 3, there were added an epoxy polyamide resin, 

Euramlne P-5600 (solid content of 30% ; available from MITSUI TOATSU CHEMICAI-S. INC.) In an amount of 
5 parts (expressed in temns of solid content) per 100 parts of the copolymer emulsion and a heat-sensitive 
recording material was prepared in the same manner. 

35 Example 8 

A heat-sensitive recording material was prepared according to the same manner used in Example 7 except 
that the copolymer enuilsion E obtained In Preparation Example E was used. 

40 Examples 9 to 1 1 

The same procedures used in Examples 2 to 6 were repeated except that the copolymer emulstons G to 
J obtained in Preparation Examples G to J were used to give heat-sensitive recording materials. 

45 Example 12 

A heat-sensitive recording material was prepared according to the same manner used in Example 7 except 
that the copolymer emulston H obtained in Preparation Example H was used. 

50 Comparative Example 1 

Each coating color was prepared in the same manner used in Example 1 except that a 10% aqueous scrf- 
utfon of polyvinyl alcohol (degree of saponification 99% ; degree of polymerfeatlon 1,700) was used, then 15 
parts of a 30% aqueous glyoxal solution and 18 parts of a 5% aqueous solution of ammonium chlori(to vtera 
55 added and heat-sensitive recording materials were prepared In the same manner. 

Comparative Example 2 
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The same procedures used in Example 1 were repeated except that only the 10% aqueous solution of 
polyvinyl alcohol (degree of saponification 99% ; degree of polymerization 1 ,700) used In Comparative Exanrtple 
1 was used to give a heat-sensitive recording material. 

5 Comparative Example 3 and 4. 

The same procedures used in Example 1 were repeated except that the copolymer emulsions K and L 
obtained in Comparative Preparation Examples K and L were used to gh^e heat-sensftlve recording materials. 
The following properties of each heat-sensitive recording material thus obtained were determined accord- 
10 ing to the following methods. The results obtained are listed in the following Table 2. 

(1) Water Restetance 

The heat-sensitive recording part of each heat-sensitive recording material which had been color-develo- 
15 ped through printing was rubbed with gauze containing water over 20 times using GAKUSHIN TYPE Tester 
for fastness to rubbing (without any load) and then the extent of portions of the heat-eensithfe recording layer 
which were peeled off was visuafly evaluated according to the following three-stage evaluation criteria : 

O : not peeled off 

A : peeled off to some extent, but the printed letter can be recognized. 
20 X : severely peeled off and the printed letter cannot be recognized. 

(2) Color Developing Sensitivity 

The heat-sensitive recording layer was color*developed under the following conditions utilizing a heat-sen- 
25 sitive paper printing machine (TH-Piy4D ; available from OKURA ELECTRICS, INC.) and the density of the prin- 
ted letters was determ^ed with a Macbeth densitometer. 
Voltage applied : 24 V 
Pulse width: 1.74 ms 

Energy applied : 0.34 mJ/dot 

ao 

^(3) Heat Resistance 

The measurement was performed under the same conditions as those used in the color developing sen- 
sitivity test to examine setting up of noises (cracking sound) and the sticking properties and these were synth- 
35 eticaliy judged according to the following evaluation criteria : 

O : no noise was produced and paper could be smoothly supplied 
A : some noises were generated 

X : noises were generated and severe sticking was observed 

As seen from the results listed in Table 2, the heat-sensitive recording materials obtained in Examples 1 
40 to 12 according to the present invention were superior to those obtained In Comparative Examples 1 to 4» in 
particular those obtained in Examples 1 to 8 were excellent. 

Examples in which the foregoing copolymer emu! sions were used for preparing protective layers for a heat- 
sensHive recording material will now be described below. 

45 Example 13 

The copolymer emulsion A obtained In Preparatton Example A was applied onto the surface of commer- 
cially available heat-sensitive recording paper (paper for facsimile) and then dried to form a protective layer in 
an amount of 2 gin^ (thickness ~ about 2 ^) on the paper. 

so 

Examples 14 to 18 

The same procedures used in Example 13 were repeated except that each of the copolymer enruilsions B 
to F obtained in Preparation Examples B to F was used to fonrn a protec^ve layer. 

55 

Examples 19 and 20 

The same procedures used In Example 13 were repeated except that each of the copolymer emulsions C 
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and E obtained in Preparation Examples C and E to which 5% (in terms of the solid content) of Euramine P-5500 
(solid content : 12.5% ; available from IVllTSUI TOATSU CHEMICAL, INC.) had been added was used to form 
a protective layer. 

5 Examples 21 to 23 

The same procedures used in Example 13 were repeated except that each of the copolymer emulsions G 
to J obtained In Preparation Examples O to J was used to farm a protecthfe layer. 

10 Example 24 

The same procedures used in Example 19 were repeated except that the copolymer emulsion H obtained 
In Preparation Example H was used to form a protective layer 

IS Comparative Example 5 

The same procedures used In Example 13 were repeated except for using a solution obtained by adding 
15 parts of a 30% glyoxal aqueous sdutton and 18 parts of a 5% ammonium chloride aqueous sdutton to 100 
parts of a 1 0% aqueous solution of polyvinyl alcohol (degree of saponification : 99% ; degree of polymerization: 
20 2,000) to fomi a protec^ve layer. 

Comparative Example 6 

The same procedures used In Example 13 were repeated except for using only the 10% aqueous solution 
25 of polyvinyl alcohol (degree of saponification : 99% ; degree of polymerization : 2»000) used in Comparative 
Example 6 to form a protective layer. 

Comparative Examples 7 to 8 

30 The same procedures used in Example 1 3 were repeated except that each of the copolymer emulsions K 

and L obtained In Comparathfe Preparation Examples K and L was used to form a protective layer. 

The heat-sensitive recording paper to which the protective layer was thus applied were color-developed 
using a heat-sensitive paper-odor developing test device (TH-PMD ; available from OKURA ELECTRICS, CO., 
LTD.) to determine a variety of durabilities. 
35 Voltage applied : 24 V 
Pulse width : 1 .74 ms 

Energy applied : 0.34 mJ/dot 

The results obtained are summarized in the following Table 3. 

The evaluation of these durabQities were performed according to the fbllowing methods ; 

40 

Water Resistance 

The heat-sensitive recording part of each heat-sensitive recording material which had been color-develo- 
ped through printing was rubbed with gauze containing water over 20 times using GAKUSHIN TYPE Tester 
45 for fastness to rubbing (without any load) and then the extent of portions of the heat-sensitive recording layer 
which were peeled off was visually evaluated according to the following three-stage evaluation criteria : 

O : not peeled off 

A : peeled off to some extent, tnit the printed letter can be recognized. 
X : severely peeled off and the printed letter cannot be recognized. 

50 

Resistance to One (Resistance to Solvents) 

A drop of an oil for frying was dropped on the heat-sensitive recording part which had been color-developed 
by printing, shaded by llghtiy wiping away with gauze, the heat-sensitive recording part thus treated was 
65 allowed to stand at room temperature for 6 hours and the extent of fading thereof was visually Judged according 
to ttie following evaluation criteria : 

© : no change 

O ; not faded 
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A : slightly feded 
x: severely faded 

Restetance to Piasticizer 

5 

The heat-sensitive recording part which had been color-developed by printing was wrapped with a polyvinyl 
chloride sheet containing a piasticizer in triple layers, a glass plate of 2 cm x 2 cm was put on the assembly 
with a load of 50 g, allowed to stand for 24 hours at room temperature and the degree of fading was visually 
evaluated according to the following evaluation criteria : 
10 jQ> : no change 

O: not faded 

A: slightly faded 

X : discolored 

15 Resistance to Sticking 

The resistance to sticking was Judged from the noise generated during printing operation according to the 
following evaluation criteria : 

O : no noise due to sticking was generated 
20 A : almost no noise due to sticking was generated 
X : severe noise due to sticking was generated 

Wori<abllity 

25 The handling properties such as stability, effective density and viscosity as well as the easiness of process 
control were synthetically judged according to the following evaluation criteria. In this test, the composltbn for 
fonmlng a protective layer comprised a crosslinking agent 
O : good 
A : medium 
ao X : bad 

As seen from the results listed In Table 3. the heat-sensitive recording materials obtained In Examples 13 
to 24 were superior to those obtained in Comparative Examples 5 to 8. In particular those in Examples 13 to 
20 were excellent 

35 Example 25 

A copolymer emulsion was prepared in the same manner used in Preparation Example A followed by the 
addition of 30 parts of 2.2,4-trimethyl-1,3-pentanediol as a fiim-fprming aid to give a copolymer emulsion A' 
having a solid content of about 30%. This emulsion is a protective layer-forming composition containing 10 parte 
40 of the filnrv-forming aid per 10 parte of the solid contente of the emulsion. The copolymer emulsion A was applied 
onto the surface of commercially available heat-sensitive recording paper (paper for facsimile) and then dried 
to give a protective layer. The coated amount thereof was 2 g/m^ (thickness = about 2 p). 

Examples 26 to 29 

4S 

In the same manner used in Example 25, copolymer emulsions B to F were preparsd followed by the addi- 
tion of each film-fonming aid in a desired amount listed in Table 4 to thus give corresponding protective layer- 
fonning compositions. A protective layer was formed on the surface of commercially available heat-sensith/e 
recording paper using each resulting protective layer-forming composition In the same manner used In Example 
so 25. 

Example 30 

The same procedures used In Example 25 were repeated except that a copolymer emulston obtained by 
55 adding 5% of the aforementioned Euramine P-5500 (expressed in tenms of solid content) to the copolymer emul- 
sion obtained in Example 27 was employed to give a protective layer. 

Examples 31 to 32 
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In the same manner used in Example 25, copolymer emulsions G to J were prepared followed by the addk 
tion of each fllnv^omning aid in a desired amount listed In Table 4 to thus give corresponding protective layer- 
fbnming compositions. A protective layer was formed on the surface of commercially available heat-sensitive 
recmling paper using each resulting protective layer-forming composition in the same mannerused in Example 
5 25. 

Comparative Examples 9 to 11 

In the same manner used In Example 25. copolymer emulsions K and L were prepared followed by the 
10 addition of each filnv-forming aid In a desired amount listed In Table 4 to thus give corresponding protective 
layer-forming compositions. A protecth^e layer was formed on the surface of commerclalty avaBable heat-sen- 
sitive recording paper using each resulting protective layer-forming composition. 

The properties of these heat-sensitive recording materials were detenmlned according to the foregoing 
methods employed for obtaining the data listed In Table 3« The results obtained are summarized in Table 4 
16 given t>elow. 

As seen from the results listed in Table 4, the heat-sensitive recording materials obtained in Examples 25 
to 32 were superior to those obtained in Comparative Examples 5, 6 and 9 to 1 1 , In particular those in Examples 
25 to 30 were excellent 

Thus, it Is dear, from the results listed in Tables 1 and 2. that a heat-sensitive recording material whose 
20 recording layer and hence the resulting recorded images are excellent in water resistance and heat resistance 
(resistance to sticking) as welt as color developing sensitivity can be obtained If a specific copolymer emulsion 
is used as a binder for the heat-sensitive recording material. 

Moreover, If the specific copolymer emulsion according to the present Invention is used as a material for 
fbmiing a protective layer of the heat-sensitive recording material, the durability of the recording layer and the 
25 recorded images of the heat-sensitive recording material is greatiy improved and the resistance to sticking 
tiiereof Is nnalntalned or Unproved compared with tiiose for the conventional heat-sensltlve recording materials. 
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Claims 

1. A heat-sensitive recording materiai wherein a copolymer emulsion (e) is employed, the copolymer emulsion 
being obtained by copolymerizing a monomer component (b) which comprises (meth)acrylamlde (c) and 
an optiona] unsaturated monomer component (d) copoiymerizable with (meth)acryiamide in the presence 
of a seed emulsion (a) serving as a nucleating particle. 

2. The heat-sensitive recording material of datm 1 wherein the copolymer emulsion (e) and a filnvfonming 
aid (f) are employed. 

3. The heat-sensitive recording material of dalm 1 or 2 wherein the copolymer emulsion (e) Is obtained from 
5 to 500 parts by weight of the monomer component (b) per 100 parts by weight of the solid content of the 
seed enmilsion (a). 

4. The heat-sensitive recording material of claim 1 or 2 wherein 50 to 100 parts by weight of (meth)acrylamide 
are included in 100 parts by weight of the nrK>nomer component (b). 

5. The heat-sensitive recording material of claim 1 , 2 or 3 wherein the heat-sensitive recording material com- 
prises a substrate provided thereon with a heat-sensitive recording layer which comprises a coloring agent 
and a developer capable of color-developing the coloring agent and an intennedlate layer arranged be- 
tween the substrate and the heat-sensitive recording layer and wherein the Intermediate layer and/or the 
heat-sensitive recording layer comprise the copolymer emulsion (e). 

6. The heat-sensitive recording nnaterial of any of claims 1 to 5 wherein the heat-sensitive recording material 
comprises a protective layer and the protective layer comprises the copolymer emulsion (e). 

7. The heat-sensitive recording material of dalm 6 wherein the protective layer comprises the copolymer 
emulsion (e) and at least one member selected from the. group consisting of 2,2,4-trim6thyl-1,3-pen- 
tanediol, 2,2.4-trimethyl-1,3-pentanedlol monoisobutyrate, 2,2.4-trimethyl-1«3-pentanediol dilsobutyrate 
and benzyl alcohol as the film-forming aid (f). 

8. The heat-sensitive recording material of daim 6 wherein a film-farming aid (f) is used in an amount ranging 
from 3 to 30 parts by weight per 100 parts by weight of the solid content of the copolymer emulsion (e). 

9. A method of making a heat-sensitive recording material comprising forming a layer thereof from a polymer 
emulsion (e), the emulsion (e) being obtained by polymerizing in the presence of a seed emulsion (a) serv* 
Ing as a nudeating partide a monomer component (b) which comprises (meth)acfylamide (c) and an 
optional unsaturated component (d) copoiymerizable with (meth)acrylamide. 

Claims for the following Contracting State : ES 

1. A method of matdng a heat-sensitive recording material comprising forming a layer thereof from a 
copolymer emulsion (e). the copolymer emulsion (e) being obtained by copolymerizing a monomer conri- 
ponent (b) which comprises (meth)acrylamide (c) and an optional unsaturated monomer component (d) 
copoiymerizable vrith (meth)acrylamide in the presence of a seed emulston (a) serving as a nudeating par- 
tide. 

2. The method according to daim 1 wherein the copolymer emulsion (e) and a film-forming aid (0 are 
employed. 

3. The method according to daim 1 or daim 2 wherein the copolymer emulsion (e) is obtained from 5 to 500 
parts by weight of the nwnomer component (b) per 100 parts by we^ht of the solid content of the seed 
emulsion (a). 

4. The method according to daim 1 or daim 2 wherein 50 to 100 parts by we^ht of (meth)aGrylamide are 
Induded In 100 parts by weight of the monomer component (b). 

5. The method according to claim 1, 2 or 3 wherein the heat-sensitive recording material Is formed from a 
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substrate and is provided thereon with a heat-sensitive recording layer which comprises a coloring agent 
and a developer capable of color-developing the coloring agent and an Intemediate layer arranged be- 
tween the substrate and the heat-sensitive recording layer, and wherein the intenmediata layer and/or the 
heat-sensitive recording layer Is/are made using the copolymer emulsion (e). 

The method according to any of claims 1 to 5 wherein the heat-sensitive recording material Is Ibnnned with 
a protective layer and the protective layer is nr^ade using the copolymer emulsion (e). 

The method according to claim 6 wherein the protecth^e layer Is made using the copolymer emulsion (e) 
and at least one nnember selected from the group consisting of 2,2A-trimethyl-i.3-pentanedloi, 2,2,4-tn- 
methyl-1,3-pentanedioi monoisoiMityrate, 2,2,4-trlmethyl-1»3-pentanediol dilsobutyvate and benzyl alcohol 
as the film-forming aid (0- 

The method according to datm 6 wherein the film-fonming aid (f) is used In an amount ranging from 3 to 
30 parts by weight per 1 00 parts by weight of the solid content of the copolymer emulsion (e). 

A heat-sensithfe recording material wherein a copolymer emulsion (e) is employed, ttie copolymer emulsion 
being obtained by copolymerfzing a monomer component (b) which comprises (meth}acrylamlde (c) and 
an optional unsaturated monomer component (d) copolymerlzable with (meth)aQrylamid6 in the presence 
of a seed emulsion (a) serving as a nucleating parttde. 
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